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ABSTRACT 

 

This research would determine a strategy on mitigation attempting to reduce green house gas (GHG) emission in 

the sector of solid waste management in Jayapura, Papua Province, Indonesia. This sector becomes critical issue 

and concern, since it turns out to be one of human activities contributing to global warming. Calculation of 

emission level of this sector refers to a method developed by IPCC 2006, using Microsoft Excel template. 

Emission level of GHG in the sector of domestic solid waste management is 58,048 Gg CO2eq. Mitigation in 

this sector is by closing down the open dumping landfill, maximizing controlled landfill and establishing an 

integrated waste treatment facility at sub district with a high population density 
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INTRODUCTION 

 

Status of CO2 gas concentration in the last one month (31 days) according to the publication done by 

National Oceanic and Atmospheric Administration (NOAA) from Mauna Loa (Hawaii) is 404.70 ppm or 

0.0404% of atmospheric volume (December 25, 2016). If it is compared to the measurement conducted in 2006 

(383 ppm or about 0.0383%), concentration rate of CO2 gas is significantly increasing to 2.1 ppm (part per 

million) per year. This rate is considered as the highest compared to the emission rate at the beginning of 1980s 

which was 1.58 ppm per year and 1990s which was 1.49 ppm per year. This released CO2 will be partially 

reabsorbed by sea and land. However, the capability of land and sea in reabsorbing CO2 does not significantly 

change, so that it leads to the increasing of CO2 at atmosphere from time to time [1].  

Such issue has led to the occurrence of global warming problem triggering global climate change of 

which the impact is affecting, such as temperature increase of earth surface, sea level rise (SLR) and triggering 

the increase of extreme weather event (EWE) frequency that affects the increasing events of multiple hydro-

meteorology disaster such as flood, drought, storm and so forth [2]. In order to eliminate the impact caused by 

global warming, United Nations Framework Convention Climate Change (UNFCCC) set out two main 

strategies, namely adaptation and mitigation [3]. Mitigation is an attempt to prevent the danger caused by 

climate change, while adaptation refers to self-adjustment on the incurring climate change [4].  

Jayapura is the capital city of Papua Province, where waste problem becomes critical issue. A quite 

high population growth as many as 4.6% turns out to be a challenge for Jayapura Government in the  

management of solid waste generated by the population every year [5]. A matter which become the critical issue 

currently is that waste treatment is not only limited to an attempt of service improvement only, but also how to 

reduce emission of GHG (CH4, N2O and CO2) produced by such waste treatment.  Waste contains organic 

material, such as food, paper, wood, and garden trimming. Once waste depositedd in landfill, microbes begin to 

consume the carbon in organic material, which causes decomposition. Under the anaerobic conditions prevalent 

in landfill, the microbes gradually decompose organic matter over time, methane (approximately 50%), carbon 

dioxide (approximately 50%), and other trace amounts of gaseous compound (< 1%) are generated and form 

landfill gas [6]. An optimum scenario (i.e. municipal solid waste stream managed as recycling of recoverable 

materials, 8%; incineration of combustibles, 60%; landfill of non-combustible, 32%) was modeled to represent 

the future waste management in Bucharest with regard to its relevance toward the potential for GHG reduction 

[7].  

This research aims to determine a strategy in accordance with current condition and the prediction to 

the future   as a reference for Jayapura Government in their attempt to reduce the emission of GHG. In order to 

reduce the emission of GHG, a calculation on emission status/level is needed in current condition and prediction 

to the future so that the reduction strategy can be later on determined.  
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RESEARCH METHODS 

 
Determination of mitigation strategy in the reduction of GHG emission level by Jayapura Government 

can be implemented if there has been an identification and prediction on the status of GHG emission. In this 

research, a method of IPCC Guidelines 2006 using tier 1 approach, where calculation method of emission and 

absorption is using basic equation and default emission factors or IPCC default values (i.e., emission factors 

provided in the IPCC guideline) and activity data used partially sourcing from global data or pursuant to result 

data of studies conducted in Indonesia.  Calculation of level and projection of GHG emission is conducted until 

2033, adjusting the documents of Jayapura Spatial Plans Year of 2013-2033.  

 

RESULTS AND DISCUSSION 

A. Emission Level/Status 

Calculation of GHG emission for solid waste management sector are taken from the following 3 main 

sources: (1) municipal solid waste disposal, (2) biological management of solid waste, and (3) open incineration 

of solid waste. For municipal solid waste factor, waste management in a condition of Business as Usual (BAU) 

or without any mitigation attempts can be seen in the following table.  

 

 
 

Figure 1. Treatment presentation of solid waste management in BAU Condition 

 

Treatment presentation of solid waste management in the picture above shows that the number of waste 

transported to controlled landfill is the biggest. At one side, waste management by recycling and waste bank 

represents that there is an improvement at the end of calculation year. In BAU condition, emission level 

occurred in 2033 about 58.048 Gg CO2eq as presented on the following picture. 

 

 
 

Figure 2. GHG Emission Level in BAU Condition 

 

From the results in Figure 2, it can be seen that the highest emission is resulted from open dumping i.e., 

27,630 Gg CO2eq or 47.60% from total GHG emission. The type of gas contributing the most to the emission is 

CH4 gas with a number of 97.47% from total GHG emission in BAU condition as presented in the following 

picture. CH4 gas is the main gas resulted from waste accumulation at landfill and CO2 is a gas resulted from the 

process of waste accumulation, composting and fossil carbon open incineration [8]. If the waste at landfill is not 

managed or reduced, it may lead to the increasing concentration of waste at atmosphere and it will remain for 7 - 
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10 years so that it will then cause an increase on earth temperature for 1.30° C. This is caused due to to the fact 

that CH4 gas has destructive force 21 times worse than CO2 [9]. 

 

 
Figure 3. Presentation of gas contributing to GHG emission  

 

B. Emission Reduction Scenario  

To reduce emission due to waste accumulation, an intervention on waste sector is required by 

performing waste treatment innovation so that it may reduce the total amount of waste accumulated at landfills 

[10]. In this research, the reduction of GHG emission is conducted according to 2 scenarios, where there will be 

performed a change in the treatment of waste management on each scenario for the purpose to reduce the 

emission.   

 

 Table 1. Scenario of reduction of GHG emission on Domestic Solid Waste 
Scenario Description 

Scenario 1 - Closure of open dumping landfills, all waste are accumulated to TPA Controlled Landfill (starting from year 
of 2019-2033) 

- Reduction of total amount of carelessly discarded waste 

- Reduction of total amount of waste burnt using open incineration.   

Scenario 2 - Reduction of total amount of waste to TPA Controlled Landfill (starting from year of 2024-2033); 
- Waste bank capacity increase, recycling and composting through waste depot establishment on each district 

and sub district with high population density rate  

- Reduction of total amount of carelessly discarded waste 

- Reduction of total amount of waste burnt using open incineration.   

 

Scenario determination is inseparable from the planning of waste treatment arranged in the document 

of Jayapura Spatial Plans Year of 2013-203. According to the description of scenario in the table above, then in 

the following picture, it can be seen a change on the treatment of solid waste management for scenario 1.  

 

 
 

Figure 4. Change on the treatment of waste management on scenario 1 

 

From the change on the treatment of solid waste management in the picture above, then we may see the 

emission of GHG produced in scenario 1 in the following picture.  
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Figure 5. GHG emission on scenario 1 

 

It can be seen that after the closure of landfill in open dumping system, the emission in 2033 shows a 

significant decrease 95.87%. The result is followed with emission decrease in uncategorized which is 54%, 

landfill using controlled system is 10.2% and unmanaged shallow at the number of 56.15%. Meanwhile, open 

burning (incineration) shows an increase of 2.6% even though the decrease has been attempted through a change 

on the treatment, but its emission calculation is done based on the growth of population so that the emission 

keeps increasing. For a treatment using composting, the emission shows an increase of 12.3% caused by the 

implementation of methane gas utilization which has not been done yet in this process.  Generally, the emission 

of GHG that can be reduced according to scenario 1 is 57.34% as presented in the following picture.  

 

 
Figure 6. The difference of GHG emission in BAU condition and scenario 1. 

 

For scenario 2, the change on the treatment of waste management can be seen in the following picture. 

 

 
 

Figure 7. Change on the Treatment of Solid Waste Management (scenario 2) 

 

According to the change on the treatment of solid waste management on scenario 2 in the picture 

above, we may see the emission of GHG which can be reduced in the following picture.   
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Figure 8. GHG emission on scenario 2. 

 

In scenario 2, according to the treatment of waste management, the emission of GHG that can be 

reduced, respectively, are open dumping at the number of 95.81%, landfill using controlled system at 24%, 

uncategorized 75%, unmanaged shallow 76.7%, and open burning at 28.5%.  An addition to the number of  

waste depot at densely populated district and sub district can reduce the total amount of waste accumulated to 

the controlled landfill, and the same thing goes to uncategorized, unmanaged shallow, and open burning which 

also show such reduction. Meanwhile, for a treatment of waste management using composting, the emission 

keeps increasing which is caused by the implementation of methane gas utilization which has not been done yet 

in this process.  Generally, the emission of GHG that can be reduced according to scenario 1 is as many as 

61.3% as presented in the following picture.  

 

 
Figure 9. The difference of GHG emission in BAU condition and scenario 2. 

 

C. Emission Reduction Strategy 

According to the scenario of emission reduction, several mitigation strategies that can be implemented 

to reduce the emission of GHG at the sector of domestic waste management in Jayapura city are (1) open 

dumping closure, (2) reduction of the total number of waste accumulated to controlled landfill, (3) increasing 

the number of  waste depot at densely populated district and sub district, (4) reduction on the total number of 

carelessly discarded waste, and (5) reduction of open incineration of waste.  

 

CONCLUSION 

 

An addition to the number of  waste depot is considered as the core strategy so that other strategies can 

be effectively implemented.  Waste depots is a facility to conduct waste sorting for 3R (Reuse, Recycle, and 

Reduce) objectives and composting process which directly is able to reduce the total amount of waste 

accumulated in controlled landfill. Eliminating habit of carelessly discarding waste (unmanaged shallow) and 

open burning is taken into account as important attempts which shall be done through socialization on society 

awareness.  Reduction of GHG  emission according to scenario 1 is 61.3% and scenario 2 is 57.34%. This quite 

high emission reduction is mainly caused by the closure of landfill with open dumping system.  
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